Radiosensitivity
However, little information is yet available on relative radiosensitivity among different cell types at various stages of differentiation.
This series of studies was undertaken to elucidate the radiosensitivity of T and B lymphocytes and macrophages at various stages of their maturation and differentiation, and their recovery from radiation-damage.
In this paper, radiosensitivity of unprimed lymphocytes specific to sheep erythrocytes was examined in C57BL/6 male mice.
MATERIALS AND METHODS

Animals:
About 600, male 8-12 week old C57BL/6 mice were obtained from the Breeding Unit of Kyushu University School of Medicine. If not otherwise stated, 5 mice were subjected to each expose dose in all experiments.
The results presented here were confirmed by repeating the same experimental protocol 2-3 times.
Thymectomy : Eight week old mice were thymectomized under ether anesthesia. X-irradiation : Irradiation was made by a Shimadzu therapeutic type X-ray unit**, operated at 200 kVp, 25 mA, at a focus skin-distance of 100 cm and with added filtration of 1.0 Cu and 1.0 Al (HVL 0.59 mm Cu). The dose rate was 16 R/min, determined by a Victoreen dosimeter.
Mice were irradiated in an un-anesthetized state in a plastic container radially divided into 16 compartments.
The container was placed on a turn table rotated at 5-6 revolutions per minute.
Antigens : Sheep red blood cells (SRBC) in Alsever's solution were washed 3 times with saline before use, 2, 4, 6-trinitrophenyl (TNP)-conjugated SRBC (TNP-SRBC) or human red blood cells of blood type 0 (TNP-ORBC) were prepared using to the method of Rittenberg and Pratt25'. Heavily conjugated SRBCs were used as immunogen and lightly conjugated ORBCs as test antigen.
Immunization : Two tenths of one ml 25°o RBC suspensions were intravenously in jected. Blood specimens were obtained by capillary tubes from the orbital venous plexus at specified times after irradiation. ** Shinai-Go , Shimadzu, Co., Japan.
Titration of antibodies:
Antibody titers to SRBC and TNP were assessed by micro titration method.
Antisera were inactivated at 56°C for 30 minutes before titration. Hemolysin (HL), total hemagglutinin (HA) titers and HA titers resistance to treatment with 2-mercaptoethanol (2-ME) were assessed. To determine total HA titers, serum specimens were serially diluted with saline containing 1 inactivated fetal calf serum in microtitration plates (Falcon #220-25A).
SRBC or TNP-ORBC suspension (1% v/v) was added to each well after two-fold dilution.
To determine 2-ME resistant HA titers, serum specimens were diluted with saline containing 1% fetal calf serum and 0.1 M 2-ME and incubated at 37°C for 30 minutes before adding test antigens. HA titers were read 3 and 24 hours after addition of test antigens.
To determine HL titers, serum specimens were diluted with saline containing 0.0167°o MgC12 in micro titration plates (Falcon #220-24A). RBC suspension and 1 : 10-diluted fresh guinea pig serum were added to the diluted serum. HL titers were read after incubation at 37°C for 30 minutes. Titers were expressed in log 2. 2-ME sensitive and resistant anti bodies are designated as IgM or 19S and IgG or 7S antibodies, respectively.
Detection of plaque-forming cells (PFC) :
The number of PFC in the spleen was deter mined by the direct method of Cunningham26' with minor modifications.
Preparation of activated T cells: One hundred million thymocytes
were intravenously injected into heavily irradiated (900R) syngenic mice together with SRBC (0.2 ml of 25°o SRBC). Spleen cells were harvested 7 days later.
RESULTS
Antibody Production Immediately after Irradiation :
Mice were given whole body irradiation of doses from 100 R to 500 R, and ad ministered SRBC on the first and the 15th day after irradiation.
Antibody production was assessed on days 4, 8, 15 and 19 ( Table 1) .
The length of latent period and that of time required to reach the peak titer depended approximately upon the irradiation dose. In the groups of mice irradiated to 100-400 R and also in non-irradiated mice, the latent period for both HL and HA was 4 days.
In the group of mice exposed to 500 R, the latent period for HL production was 8 days and that for HA production was 8-15 days. The time required to reach the peak titers was prolonged in groups exposed to 200 R or more. HL and HA be came detectable in all mice exposed to 0-50O R by day 15.
As shown in Table 1 , IgG(7S) antibody was detectable on day 8 in the non-irradi ated group.
Decreases in the mean IgG HA titer after irradiation depended upon radiation dose. IgG antibodies were detectable in all animals both not irradiated and irradiated at 100 R ; in 3 of 5 animals exposed to 200-300 R ; and in 1 of 5 animals exposed to 400R. Antibody could not be detected in mice exposed to 500R.
HL titers were increased after secondary immunization in all groups of mice. HL titers reached almost the same level in groups exposed to 0-300 R. HL production was promoted by the booster in mice exposed to 400-500 R. Antibody Production One Month after Irradiation : Mice were irradiated with 100-500 R at 100 R intervals and SRBC were intravene ously administered one month later (day 0). On day 15, secondary immunization with SRBC was performed. Antibody titers were examined on day 4, 8, 15 and 19. As shown in Table 2 , antibody-producing capacity in any group of irradiated mice recovered to the level of non-irradiated mice.
Antibody Production One Month after Irradiation in Thymectomized Mice :
Mice were irradiated with 100-500 R at 100 R intervals seven days after thyme ctomy. These mice were immunized with SRBC one month after irradiation and anti body titers in their sera were examined on days 4, 8 and 15 (Table 3) . Antibodies were detectable in all mice of all groups on day 4, 8 and 15, although dose-dependent decreases in antibody titers were seen on day 4. HL and HA antibody titers reached their peak values on day 4 in the groups exposed to 0-300 R, while titers reached their peak on day 8 in those exposed to 400 or 500 R. Recovery of IgG antibody producing capacity was less in thymectomized groups exposed to 200-500 R compared with that of non-thymectomized group (Table 2) , although total HA titers recovered to a considerable degree in all groups. Number of Antibody-Producing Cells in Spleen Immediately or One Month after Irradiation : Mice sham-thymectomized or thymectomized 7 days previously were irradiated with 100-500 R at 100 R intervals, and immunized with SRBC either immediately or one month later.
PFC in the spleen were determined 4 days after immunization. The level of PFC response in the groups of mice exposed to various doses of radiation were expressed as the relative antibody-producing capacity which is the ratio of the number of PFC in the irradiated group of mice to that in non-irradiated group ( Figs.  1 and 2) . These experiments were repeated 3 times. Consistent results were obtained through the individual experiments except the sham-thymectomized group immunized one month after irradiation.
Dose-dependent decreases in the number of PFC were detected in groups immunized immediately, as well as one month after irradiation. PFC were not detected in mice exposed to 300 R or more, when the animals were immunized immediately after irradiation.
When Production of Anti-TNVP Antibody Two Months after Irradiation in Thyinectomized Mice : Mice were irradiated with 100-500 R at 100 R intervals 7 days after thymectomy. Immunization with TNP-SRBC was performed 2 months later. Anti-TNP antibody titers were examined 7, 14 and 21 days after immunization (Table 4) . Comparison of titers among various groups revealed that depression of anti-TNP antibody production depended on radiation dose. IgG antibodies could not be detected in any group.
Antibody Production after Transfer of Activated T Cells Two Months after Thymnectomy
and Irradiation : Seven days after thymectomy, mice were exposed to 300, 400 or 500R . Immuni zation with SRBC was performed 2 months after irradiation.
Activated T cells (1X 106) were intravenously administered to half of the animals together with SRBC on the day of immunization (Table 5 ). IgG antibody production was remarkably elevated on days 8 and 12 by transfer of activated T cells in all irradiated groups. found that antibody production was remarkably suppressed when antigens were ad ministered 24 hours post-irradiation than when given at any other times before or after irradiation.
In our studies of radio sensitivities of unprimed T and B cells, anti gen was administered 24 hours after irradiation. Decrease in antibody production was dose-dependent, when immunization was per formed immediately after irradiation.
However, antibody response recovered to the level of the non-irradiated group, when mice were immunized one month after irradi ation with 100-400 R. This may be due to the recovery of B and T cells. By con trast, the number of antibody-producing cells in the spleen did not recover to that of non-irradiated mice, even though the antibody titers in the sera were nearly the same in both the irradiated and non-irradiated at this stage. This findings demonstrate indirectly that some organ might be replacing the spleen in antibody producing function during radiation recovery.
T-dependent antibody response in non-thymectomized mice was higher than in thymectomized mice, when mice were immunize one month after irradiation. With an intact thymus, T cell population begins to recover from radiation damage after a latent period. However, T cell population cannot regenerate and progressively decreases in thymectomized mice after irradiation.
Irradiation damage to T cells may be confirmed by immunization of thymectomized mice with hapten-carrier conjugates (TNP-SRBC), since the function of carrier specific T cells is reflected by the production of anti-hapten antibody". When the interval between irradiation and immunization is short, damage to hapten-specific B cells may complicate the situation.
Therefore, interval of 2 months was chosen to study TNP SRBC.
Decrease in anti-TNP antibody production was proportional to radiation dose, confirming that damage of the helper T cell precursors is dose-dependent.
T cell damage did not seem to be so pronounced after irradiation with 300 R, since substitutional degrees of T cell function were detected one month after irradiation with 50O R in thymectomized mice. However, severe depression of antibody response was detected when mice were exposed to 300 R or more and immunized immediately after irradiation.
This may be largely due to severe damage of B cells . Secondary immunization was performed on day 15 , and hemolysin production in the groups exposed to 400-50O R reached a higher level than in non-irradiated controls (Table 1) . The higher antibody response in irradiated mice may have been due to the fact that antibody-induced suppression of antibody production was precluded in such mice due to their inability to produce IgG antibody after primary immunization .
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